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AN IMPROVED FEED MECHANISM FOR A MEDICAL DEVICE 
Description 

[0001] The present invention relates to an improved feed mechanism for a medical device, 
particularly but not exclusively a syringe driver or pump. 

[0002] Syringe drivers or pumps are well known. They are small, lightweight, battery 
operated machines that are designed to administer subcutaneous infusions of a prescribed amount 
of medication over a given period. A syringe driver basically consists of the machine itself, a 
syringe containing the medicine to be administered which is attached to the machine and a thin 
piece of tubing attached to the syringe which has a needle at the end of it. Syringe drivers are 
often provided with both the machine and the syringe contained within a housing to increase the 
portability of the device. 

[0003] The drive mechanism for driving the plunger through the syringe barrel to dispense 
medication generally consists of a motor, gears and a threaded shaft. The motor causes rotation 
of the threaded shaft which, via an actuator attached thereto, effects movement of the plunger. 
Once the required medication has been dispensed, it is necessary to manually reset the syringe 
driver by pulling back the actuator and syringe plunger to the required degree. Conventionally, 
this is achieved by the provision of two half nuts around the threaded shaft, the manual 
disengagement of which enables the actuator to be moved back to the end of the shaft to allow 
the plunger to be reset. However, these nuts are subject to a large amount of wear and tear and 
thus require frequent replacement. Furthermore, once the nuts have become worn, the shaft will 
still rotate placing a load on the motor but without imparting any movement to the actuator. 

[0004] It is an object of the present invention to provide an improved feed mechanism for a 
medical device, particularly but not exclusively a syringe driver or pump that aims to overcome, 
or at least alleviate the abovementioned drawbacks. 

[0005] Accordingly, a first aspect of the present invention provides a medical device for 
imparting translational movement to a member, comprising a motor driven unthreaded shaft, at 
least one bearing mounted obliquely to the shaft and having at least one point of contact 
therewith, and an actuator linked to the at least one bearing for contacting the member wherein 
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rotation of the shaft causes movement of the bearing along the shaft to affect movement of the 
actuator. 

[0006] The present invention may be utilized in any type of medical device that requires 
conversion of rotary motion of a motor driven shaft into linear motion, such as volumetric pumps 
or scanning devices. However, the invention is particularly suitable for use in syringe drivers or 
pumps. 

[0007] To this end, a second aspect of the present invention provides a syringe driver 
assembly for imparting translational movement to a syringe plunger, comprising a motor driven 
unthreaded shaft, at least one bearing mounted obliquely to the shaft and having at least one 
point of contact therewith, and an actuator linked to the bearing for contacting a thumbplate of 
the plunger wherein rotation of the shaft causes movement of the at least one bearing along the 
shaft to affect movement of the actuator. 

[0008] If only a single bearing is provided, the shaft should be supported at one or more 
points along its length by a rotary member. The rotary member should be provided on the 
opposite side of the shaft to the contact point of the bearing. 

[0009] However, in a preferred embodiment, more than one bearing is mounted obliquely to 
the shaft, especially three bearings, each having a bore through which the shaft extends. More 
preferably, alternate bearings are set at the same angle relative to the shaft and adjacent bearings 
are set at an opposing angle relative to the shaft. The bore of each bearing should be larger than 
the outer circumference of the shaft to result in each bearing being oversized with respect to the 
shaft, thereby creating clearance between the shaft and each bearing. 

[0010] The inner profile of the bearings may be flat or pointed. Preferably, bearings having a 
flat inner profile with a chamfered inner race are used, each bearing being angled with respect to 
the shaft such that it contacts the shaft at at least two points. In the case of three bearings being 
used, preferably the central bearing contacts the opposing side of the shaft to the outer bearings 
and is at an opposite angle thereto. More preferably still, the outer bearings contact the bottom of 
the shaft and the central bearing contacts the top of the shaft or vice versa. 



EXl 848292vl 10/05/09 5:21:50 PM 



2 



78803.06501 



Replacement Sheet 



[001 1] The bearings are preferably made of a hardened steel, such as stainless steel. More 
preferably, the angle of inclination of each bearing relative to the shaft is less than 45 degrees, 
preferably less than 20 degrees, more preferably less than 15 degrees, especially less than 5 
degrees. 

[0012] In alternative embodiment, the inclined bearings may be symmetrically spaced in one 
plane perpendicular to the shaft axis, the outer races of the bearings making radial contact with 
the shaft. In this embodiment, each bearing is preferably sprung loaded with respect to the shaft. 

[0013] It is preferable for the bearings to be housed within a carriage that is moveable with 
respect to the shaft. Each bearing may be housed within its own casing that surrounds the shaft, 
the casings being interconnectable to form the carriage. Preferably, the carriage is connected to 
the actuator that contacts the member, such as the thumbplate or plunger head of the syringe. The 
carriage is preferably provided with guides. The carriage and actuator may form an integral 
component. 

[0014] It is preferable for the assembly to provide an axial force of at least 10 Newtons, more 
preferably at least 15 Newtons. In fact, the assembly has been found to provide a force in excess 
of 50 Newtons. 

[0015] The assembly may be manually disengageable from one or more of the bearings to 
enable the bearings and/or carriage to slide with respect to the shaft. The middle bearing may be 
spring loaded with respect to the shaft whereby operation of the spring mechanism disengages 
the middle bearing from the shaft or manual disengagement may be caused by movement of a 
casing that carries one or more of the bearings in a direction transverse to the shaft, for example 
by means of a cam and lever. 

[0016] Alternatively, the assembly may be provided to automatically reverse the direction of 
travel of the carriage and actuator. For example, the assembly may be provided to automatically 
reverse the angle of inclination of the bearings with respect to the shaft to cause the bearings to 
travel in the opposite direction without changing the direction of rotation of the shaft. 
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[0017] Preferably, the assembly may detect any backward pressure exerted on the syringe 
driver assembly. More preferably, detection of a backward pressure above a certain threshold 
results in stopping of the motor. 

[0018] Additionally, the system may be automatically calibrated. Preferably, at least one of 
the bearings is provided with adjustable biasing means. For example, a grub screw and 
compression plate may be provided in communication with one of the bearings which can be 
used to increase or decrease the load of the bearing on the shaft. 

[0019] For a better understanding of the present invention and to show more clearly how it 
may be carried into effect, reference will now be made by way of example only to the 
accompanying drawings in which: 

[0020] FIG. 1 is a schematic perspective view of the internal components of a syringe driver 
assembly according to one embodiment of the present invention; 

[0021] FIG. 2 is a perspective front view of a carriage and drive shaft for a syringe driver 
feed mechanism according to one embodiment of the present invention; 

[0022] FIG. 3 is perspective view of the housing and drive shaft of FIG. 2 with one half of 
the housing removed to show the internal components thereof; 

[0023] FIG. 4 is a plan view of the housing and drive shaft of FIG. 2 with half of the housing 
removed to show the internal components thereof; 

[0024] FIG. 5 is a cross-sectional view through the carriage of FIG. 2; 

[0025] FIG. 6 is a schematic diagram illustrating the mounting of the bearings relative to the 
driver shaft; 

[0026] FIG. 7 is an exploded side perspective view of a feed mechanism according to a 
second embodiment of the present invention; and 

[0027] FIG. 8 is an unexploded end perspective view of the feed mechanism shown in FIG. 
7. 
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[0028] Referring to FIG. 1 of the accompanying drawings, the internal components of a 
syringe driver are shown comprising a drive shaft 2 carrying a carriage 4 mounted on guides 5, 
the shaft being driven by a motor 6. It is to be appreciated that the components would be 
contained within a housing but this has been omitted from the drawings for the sake of 
simplicity. The carriage 4 is connected to an actuator 8 that abuts the plunger 10a of a syringe 10 
when one is placed within the syringe driver assembly. Movement of the actuator causes 
displacement of the plunger thereby causing fluid to be dispensed from the nozzle 10b of the 
syringe, as required. 

[0029] Conventionally, a threaded shaft is used to convert the rotary motion of the motor 
driven shaft into linear motion. However, in order to reset the shaft with the actuator in the 
desired position to dispense fluid from a syringe, two half-nuts are provided around the shaft that 
may be disengaged therefrom in order for the drive carriage to be moved back to its desired 
position. This is undesirable because the nuts are subject to a large amount of wear and tear, 
necessitating frequent replacement of the parts. Furthermore, the shaft will continue to rotate 
when the nuts are worn and no longer grip the shaft causing a load to be placed on the motor 
without imparting any movement to the syringe plunger. This also results in the syringe driver 
appearing as if it is administering fluid from the syringe when in fact it is not. The present 
invention provides an alternative feed mechanism for driving the plunger of the syringe that aims 
to overcome the abovementioned drawbacks. 

[0030] Referring to FIGS. 1 to 5 of the accompanying drawings, the components of a feed 
mechanism for driving a syringe according to one embodiment of the present invention is 
illustrated. The syringe driver comprises a smooth, unthreaded shaft 2 or bar that is rotated by 
means of a motor 6. The shaft runs through a carriage 4 that is mounted on guides 5, the carriage 
containing three anti-friction bearings 26, 27, 28 that are offset with respect to the shaft. An 
actuator 8 is connected to the carriage 4 whereby movement of the carriage imparts movement to 
the actuator. The actuator abuts the syringe plunger of a syringe to affect movement thereof to 
result in fluid being dispensed from the syringe. 

[0031] The rotary motion of the shaft is converted into linear motion by the three bearings 
26, 27 and 28 that are fixed within the carriage. The three bearings are configured such as to 
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provide clearance between each bearing and the shaft. The two outer bearings 26, 28 are fixed at 
the same angle relative to the longitudinal axis of the shaft and the middle bearing 27 is fixed at 
an equal and opposite angle with respect to the shaft, resulting in the outer bearings running on 
their corresponding edges with respect to the shaft with the middle bearing running on its 
opposing edge. This causes the bearings to "roll" along the length of the shaft thereby converting 
the rotary input R provided by the motor-driven shaft into a linear output T (see FIG. 6). Thus, 
this arrangement enables the controlled feed of the carriage, and thus the actuator, in one 
direction only, by means of the rotary motion of the shaft. The actuator engages with the plunger 
of the syringe thereby enabling controlled discharge of fluid within the syringe. 

[0032] The forces on the shaft are collectively externally balanced and the shaft is supported 
in a bearing system that fixes it on its axial and radial axes but allows low friction rotation. A 
stepping motor is preferably used to drive rotation of the shaft. The shaft and the bore of the 
bearings should be of hardened steel, such as stainless steel. 

[0033] The abovementioned mechanism should be able to exert an axial force of at least 10 
Newtons, preferably at least 15 Newtons on the syringe piston assembly since the largest syringe 
conventionally used (30 ml) generally applies a backward force of around 15 Newtons. It has 
been found that the feed mechanism of the present invention can exert an axial force of 60 
Newtons and accordingly, the mechanism is suitable for dispensing fluid from all standard sizes 
of syringe. 

[0034] The feed rate and diameter of the shaft can be used to provide a guideline for the 
required angle of inclination of the bearings with respect to the shaft using the following 
formula: 

0 = Tan" 1 (Feed Rate in mm per revolution of shaft/(Diameter of the shaft in mm*7t)) 

[0035] For example, for a feed rate of 0.5 mm per revolution of the shaft which is in the 
order of 4.0 mm in diameter: 

0 = Tan" 1 (0.5/(4.00*71.)) = 2.2785 degrees, say 2.3 deg. 
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[0036] The present invention also provides for the return of the carriage and actuator to their 
original positions to enable a new syringe to be inserted into the assembly. This is achieved by 
disengagement of the middle bearing 27 from the shaft by manual actuation of a push spring 
mechanism 40 (see FIGS. 2 to 5) which enables the bearings to slide along the shaft, thereby 
allowing the carriage and actuator to be repositioned as desired. 

[0037] Alternatively, the assembly may be provided for automatically reversing of the 
carriage and actuator without changing the direction of rotation of the shaft. This may be 
achieved by reversing the angle of inclination of the bearings relative to the shaft, i.e. the 
positioning of the bearings with respect to the shaft is altered to its corresponding mirror image. 

[0038] The syringe driver assembly of the present invention is preferably provided with a 
mechanism for detection of an overload of the system, for example if an occlusion occurs in the 
line with results in a back pressure build up in the syringe, whereby detection of an overload 
causes the motor to stop. 

[0039] In an alternative embodiment of the present invention, the three inclined bearings 
may be symmetrically spaced in one plane perpendicular to the shaft axis with the outer races of 
the bearings making radial contact with the shaft (not shown). In this configuration, the bearings 
may be spring loaded onto the shaft to control the contact force, removing the need for precision 
manufacture of the bearings to shaft location. 

[0040] FIGS. 7 and 8 of the accompanying drawings illustrate a further embodiment of the 
present invention. For the sake of simplicity, only the parts of the mechanism that are involved 
with the movement of the bearings relative to the shaft are shown. Three oversized bearings 260, 
270, 280 are mounted on a smooth shaft 200, the outer bearings 260, 280 each contacting the 
bottom of the shaft and the middle bearing 270 contacting the top of the shaft. Each bearing is 
twisted such that it contacts the shaft at two points along the breadth of the bearing. The middle 
bearing contacts the shaft at an opposite angle to the outer bearings. 

[0041] Each bearing is mounted within its own casing 360, 370, 380 which are adapted to be 
fitted together to form a carriage 400 (see FIG. 8). The casing 370 of the middle bearing is 
provided with a flange 372 for co-operating with a rotary cam 500 which has a spring 502 acting 
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against it. A compression plate 504 abuts the top of the spring and a socket set screw flat point 
506 is provided to contact the compression plate. The springs and compression plate are 
provided within a housing 800 which is also provided with a slideable clamp hook 802 for 
receiving a thumbplate of a syringe driver. This hook may or may not be moveable my means of 
the cam 500. 

[0042] In this manner, rotation of the motor-driven shaft 200 causes movement of the 
bearings along the shaft. This imparts movement to the carriage 400 which is linked to the 
housing 800 which contacts the thumbplate of a syringe plunger thereby moving a plunger 
through a syringe barrel. Rotation of the cam 500 by a lever moves the casing containing the 
middle bearing 270 to lift it away from the shaft to disengage the bearing and enable the carriage 
to be slid freely along the shaft. The amount of force applied to the middle bearing can be 
adjusted by the spring, compression plate and socket set to adjust the load on the shaft. 
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A medical device, such as a syringe driver assembly for imparting translational movement to a 
member comprising a motor driven unthreaded shaft (200), at least one bearing (260, 270, 280) 
mounted obliquely to the shaft and having at least one point of contact therewith, and an actuator 
(800) linked to the at least one bearing for contacting the member wherein rotation of the shaft 
causes movement of the bearing along the shaft to affect movement of the actuator. 
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